ABSTRACT
THE THEATER WAR EXERCISE TWX was developed by the Air 1var College between 1976
and 1977 in response to a directive by the USAF Chief of Staff to develop courses to train senior military officers "in the threat and application of force" (Theater Warfare, 1987) . In order to avoid the constraints imposed upon projects involving classified information, the data and algorithms used were taken from unclassified sources. Even so, TWX provides a useful forum for senior officers to study the application of air warfare principles in a simulated environment. Particular attention was given to the goal of allowing students to gain some familiarity with the application of USAF airpower employment strategies and doctrine in a theater level combined air/land conflict. In addition, emphasis was given to simulating the difficulties of coordination between U.S. and allied forces in a credible manner, and of planning and providing logistics support. Finally, the exercise is designed to instill in the participant an understanding of the problems involved in obtaining and processing the information necessary for timely and informed decision-making in a wartime environment (Theater Warfare, 1987) .
From its inception in 1977 until last year, TWX was run on a Honeywell 6000 series mainframe computer using applicationspecific files to hold the database. It was heavily revised last year by two students at the Air Force Institute of Technology (Brooks, Kross and Roth, 1987) . The revisions included rehosting the system from the Honeywell to a DEC MicroVAX using Zenith Z-158 microcomputers as remote terminals.
In addition, Brooks designed and implemented a relational database management system (DBMS) using the commercial INGRES database product (Brooks, 1987) , and Kross developed an interactive menu-driven front end system using the INGRES fourth generation language (4GL) facility (Kross, 1987) . Th ese revisions, besides improving the flexibility and maintainability of the system, provided a much friendlier input interface for the user than the hardcopy terminals which had been used previously, and sped up data entry by allowing interactive editing of input.
Unfortunately, output from the system still consisted entirely of a large number of massive, hard-to-decipher reports. A typical cycle of play consists of the player teams analyzing the current scenario, revising their strategy in response to the situation, and entering their responses into the database. The batch portion of the system is then run. The batch system extracts the information from the (database and processes it to determine the outcome. The databa.se is then updated with the new scenario and reports are generated.
The TWX algorithms use a highly aggregated approach, determining the outcomes of conflicts based largely upon the relative strengths of the forces involved.
In addition, the land battle portion of the game is largely deterministic, since the emphasis in this exercise is upon airpower employment. The students' interaction with the land game consists exclusively of their support of ground forces through Offensive Air Support and Air Interdiction missions.
The remainder of this paper is divided into three sections. Section 2 describes the functional capabilities of a proposed graphical interface for TWX. The third section examines the environment in which the project was conducted and the issues involved.
This includes identification of major decisions and the rationale behind these decision!;. In the fourth section we describe the protot,ype as it currently exists. The final section presents conclusions and recommendations for further work.
The Graphical Interface
As mentioned in the last section, the old system for displaying the tactical situation was very awkward. This section describes the features of the proposed graphical interface.
The revised output :system will display a computer-generated The display will include a message area which gives feedback to the user in the form of instructions and error messages, and a stai,us area indicating his current situation. Also included is a "Notes" option, which allows the user to submit a free-form critique at any point during the game. The ability to submit suggestions for improvements as they occur to the user should provide better feedback to the individuals who maintain and enhance the system.
The primary purpose behind these enhancements is to simplify the user's view of the interface with the computer system. This apparent ability to opera.te directly upon the symbols representing units and bases makes it easier and more intuitive for the user to find the exact information he needs.
3.
DEVELOPMENT ISSUES
There are a number of issues involved in the development of a graphica interface that have to be dealt with. These include the identification of development constraints, the selection of an appropriate methodology, a number of decisions about how graphical objects are to be represented, stored, and displayed, and the selection and acquisition of needed hardware and software. The resolution of these issues is addressed in detail in this section.
Development Constraints
The Z-158s used in the current system as remote terminals are on the low end of the spectrum for graphics work. In addition, it had been discovered late in last year's research that the Z Within the context (of iterative development, it is sti!l necessary to settle upon a methodology for developing each version.
The classical software life cycle approach, which involves functional specification, preliminary and detailed design, implementation, unit testing, integration testing, and system installation, is relatively standard for software projects and was not too difficult to tailor to fit within the context of iterative development.
Functional specification and preliminary design are done at the beginning of the project to provide an overall framework. The functions to be implemented within each yersion are then identified and prioritized. Each version development involves a cycte of detailed design, coding, and testing. While the hybrid of these two methodologies is adequate for the job, it is also evident that certain aspects of this project lend themselves to an object-oriented approach.
Conceptually, it would be nice to think of the display as consisting of a group of objects superimposed upon one another, as opposed to a single two-dimensional picture in which each pixel was set to a certain color. Figure 2 shows a conceptual model of the display in which various graphical objects are aligned in twodimensional planes according to their categories. These planes are then superimposed upon one another like a sequence of slides to present the overall display to the user's eye.
The natural hierarchy existing between symbols further supports an object-oriented approach. Conceptually, for example, the unit and base symbols can be thought of as a class of graphical objects, all possessing certain common characteristics such as a square outline. This class can possess subclasses each having common characteristics above and beyond those of the parent class. These subclasses will all, by default, inherit the characteristics of the parent class unless they specifically supercede them. Finally, we decided that the implementation of the zoom and pan capabilities would be postponed until after the selection of hardware and graphics software, since these might handle these features for the programmer.
Another issue was how the graphical data was to be stored and represented. In particular, the representation of the hierarchy of classes of objects might have proved to be difficult; however, this consideration was taken care of by the graphics software package selected. This will be discussed in more detail later.
Besides the difficulties of maintaining the hierarchical relationships of objects, there was some question of whether it was appropriate to store the graphical data in the main TWX database, or to store it locally on the microcomputers. Advances in technology over the last decade have made moderately fast displays available and affordable, but speed of display update is still a significant factor in most graphics systems. Although the need for animated display effects are not anticipated for TWX, other exercises dealing with movement and combat of individual units might be unduly constrained by the inability to perform animation. Storing and retrieving graphical data in the central database on the host computer would probably introduce a rather large delay in response time due to network overhead. However, it might be feasible (if a suitable representation could be found)
to store graphical data in the main database for long-term storage, and download it to local storage on the microcomputer when the interface is first invoked. Although this will involve some delay in the initial display, subsequent interaction can proceed at an acceptable pace. In addition, graphical representations will exist in a single, centralized repository. If a change: is made to the map, for cxamplc, the data will only have to bc cllanged in one place.
Another, less difficult decision was the choice of the most appropriate set of syml~ols for military units and bases. NATO map symbols were selected for this project both because of their almost universal USC ill military tactical situation displays and in wargames.
Perhaps the most important decisions to be made involved the selection of additional hardware and graphics software. These are addressed together here because the factors involved in the selection are heavily intertwined. As pointed out earlier, the 
PROTOTYPE
.2n early proto:ypc of the system has been developed already.
Tile prototype system (see Figure 4) 
CONCLUSION
In this paper we have proposed an improved interface for the T\VX system, and a rcusablc approach for adding a map-based graphical interface to an &sting wargaming system. Although tllc sgstcm is still bcin g implcmcnted as of the writing of this paper, it seems appropriate to forward some observations and draw some conclusions on lessons lcarncd.
It is already cridcnt that the hybrid methodology consisting of elements of iterative design, the classic software life cycle, and object-oriented design is a viable approach to this sort of project. Each of thcsc approaclies imparts certain strengths to the dcvclopment.
A number of potential cnhanccmcnts to TWX suggest tliemselves. The most obvious enhancement addresses the inability to intcrnctivcly ~encrate and store new graphical objects. An icondriven interactive "paint" program, similar to those pioneered by the hiaclntosh computer, but with the ability to generate IIOOPS-co1l-rpatil,le images and store them in the central IN-GRES database, would be an excellent follow-on to this project.
Another potential area for exploration might be the integration of the menu-driven INGRES 4GL front end system with the HOOPS graphical interface. Currently, eacll subsystem operates separately, with the 4GL system doing testunl input, and the graphics system handling output. The integration of these tlvo subsystems would greatly simplify use and maintenance.
